In QSAR/QSPR study, topological indices are utilized to guess the bioactivity of chemical compounds. In this paper, we study the QSPR analysis of selected distance and degree-distance based topological indices. Our study reveals some important results which help us to characterize the useful topological indices based on their predicting power.
Introduction
The molecular descriptor is the final result of logic and mathematical procedure which transform chemical information encoded within a symbolic representation of a molecule into a useful member or the result of some standardized experiments. Attention is paid to the term "useful" with its double meanings. It means that the number can give more insights into the interpretation of the molecular properties and / or is able to take part in a model for the prediction of some interesting property of the molecules.
A fundamental concept of chemistry is that the structural characteristics of a molecule are responsible for its properties. Topological indices are a convenient means of translating chemical constitution into numerical values which can be used for correlation with physical properties in quantitative structure-property/activity relationship (QSPR/QSAR) studies. The use of graph invariant (topological indices) in QSPR and QSAR studies has become of major interest in recent years. Topological indices have found application in various areas of chemistry, physics, mathematics, informatics, biology, etc [1, 7, 26] , but their most important use to date is in the non-empirical Quantitative Structure-Property Relationships (QSPR) and Quantitative Structure -Activity Relationships (QSAR) [5, 14, 19, 21, 23, 24, 27] .
2 Survey of Selected Distance and Degree-Distance Based Topological Indices 1. Wiener Index: The Wiener index is named after Harry Wiener, who introduced it in 1947; at the time, Wiener called it the "path number" [24] . It is the oldest topological index related to molecular branching. Based on its success, many other topological indices of chemical graphs [2, 3, 13] , based on information in the distance matrix of the graph, have been developed subsequently to Wiener's work. Which is defined as: let G be any connected graph of order n and size m. Then Wiener index of G is denoted by W (G) and is defined as follows.
2. Terminal Wiener Index: The concept of terminal Wiener index was put forward by Petrović et el. [9] some-what later but independently, Szekely et al. [25] arrived at the same idea. If G has k-pendent vertices labeled by v 1 , v 2 · · · v k , then its terminal distance matrix is the square matrix of order k whose (i, j)-th entry is d(v i , v j \ G). Terminal distance matrices were used for modeling amino acid sequences of proteins and of the genetic code [12, 17, 18] .
The terminal Wiener index TW (G) of a connected graph G is defined as the sum of the distances between all pairs of its pendent vertices. Thus if V T = {v 1 , v 2 , · · · , v k } is the set of all pendent vertices of G, then
3. Degree Distance Index: The degree distance was introduced by Dobrynin and Kochetova [5] as a weighted version of the Wiener index. The degree distance of G, denoted by DD(G), is defined as follows
4. Gutman Index: The Gutman index was put forward in [10] as a multiplicative version of degree-distance index which is defined as follows.
5.
Ashwini Index: Motivated by the terminal Wiener index Hosamani [15] has introduced a novel topological index viz, Ashwini index of a molecular graph G. Which is based on the terminal distance between any pair of pendant vertices together with their neighborhood degrees.
Where
6. SM-Index: Motivated by the Gutman index and Ashwini index of a molecular graph G, we define here a new topological invariant namely SM-index of a molecular graph G. Which is defined as follows:
7. Hyper Wiener Index: In 1993, Milan Randić [20] introduced a distance based quantity, he named it as hyper Wiener index and denoted by WW . His definition could be applied only to trees, and was in possible to use for cycle-containing graphs.
which could be applied to all connected graphs, since then the above formula is used the definition of the hyper Wiener index.
The Use of Selected Distance and Degree-Distance Based Topological Indices in QSPR Studies
We have used three distance based topological indices and four degree-distance based topological indices viz, Wiener Index (W (G)),Terminal Wiener Index (TW (G)),Hyper Wiener Index (WW (G)) [distance baesd TI's] and Degree-distance Index, Gutman Index (GI(G)),Ashwini Index (A (G)), SNM-Index [degree-distance based TI's] respectively for modeling eight representative physical properties [boiling points(BP), molar volumes (mv) at 20 • C, molar refractions (mr) at 20 • C, heats of vaporization (hv) at 25 • C, surface tensions (st) 20 • C and melting points (mp)] of the 70 alkanes from n-butanes to nonanes. Values for these property were taken from Dejan Plavsić et. al [16] . The above said Distance and Degree-Distance topological indices and the experimental values for the physical properties of 70 alkanes are listed in Table 1 4
Regression Models
We have tested the following linear regression model
where P = physical property, TI = topological index .
Using (3.1), we have obtained the following different linear models for each degree based topological index, which are listed below. By inspection of the data given in tables 3 to 9, It is possible to draw numbers of conclusion for the given distance and degree-distance based TIs.
First, the famous and much studied distance based Topological index viz, Wiener index found to be more suitable tool to predict the physical properties of alkanes.The Wiener Index shows good correlation with almost all physical properties of alkanes which are listed in table 3 except molar volume and surface tension of alkanes.The correlation coefficient value lies between 0.815 to 0.970. The QSPR study reveals that Wiener Index is more suitable to predict heats of vapourization and molar volumes of alkanes with correlation coefficient value r=0.964, and r = 0.0.970 respectively.
In addition the result for Terminal Wiener index revealed that the recent advocated idea of using Terminal Wiener index did not pass the test. This important details seems to have ignored in recent paper [9] , on Terminal Wiener index.
Recently introduced distance based topological invariant viz, Hyper Wiener index found to be adequate for any structure-property correlation, except for critical temperatures of alkanes with correlation coefficient value r=0.809.
The QSPR study of degree-distance index in tables 6 reveals that the degree-distance index is an useful topological invariant. It shows good correlation with almost all physical properties which are listed in Table 6 , except surface tension and melting points of alkanes. The correlation coefficient values lies between 0. 809 to 0.919. The degree-distance index is more suitable to predict the molar volume and heats of vaporization with r = 0.919 and r = 0.897 respectively.
The multiplicative version of degree-distance index is known as Gutman Index.By observing the results in table 7,One can say that the Gutman index has less predictive ability compared to degree-distance index. Further the correlation of Gutman index with physical properties of alkanes is very less and correlation coefficient value lies between 0.187 to 0.892.
The another degree-distance based topological index viz, Ashwini index. The predicting power of Ashwini index with physical properties of alkanes is too less. The correlation coefficient value of Ashwini index lies between 0.288 to 0.519.
Motivated by Gutman index and Ashwini index, Here we introduce a new degree-distance based topological invariant viz, SM Index. The QSPR study of SNM Index in table-9 shows good predicting power for alkanes.
From practical point of view, topological indices for which the absolute value of the correlation coefficient is less than 0.8 can be characterized useless. Thus the QSPR study of these distance and degree-distance based topological indices with physical properties of alkanes helps us to characterize useful topological indices indices with absolute values of correlation coefficients lies between 0.8 to 0.970. T h i s p a g e i s i n t e n t i o n a l l y l e f t b l a n k
